Introduction
The surface roughness of workpieces achieved by turning operations plays a determinable role on product quality. Many factors affect the roughness directly and also with indirectly manners. To understand and quantify their influences, many research works have been published taking into account via different mathematical models, the correlation between various operating parameters [1] . The latter can be classified into two types: cutting parameters (cutting speed, cutting depth, and feed rate), machine-tool parameters (stiffness, geometry, insert material (substrate and coating grades)).
In order to improve the machining system stability, the control of machine tool dynamic behaviour presents an important interest during design, manufacture and exploitation steps [2] .
In machining by cutting tool, two vibration types can be observed; forced vibrations and self-excited ones. The forced vibrations appear under the effect of various periodic disturbances (unbalance, chip segmentation and/or its fragmentation, etc), whereas the self-excited vibrations, which are characterised by the development of surface imperfections on the workpiece, are commonly named chattering. These complex vibrations are essentially caused by the lock in stability of the global cutting system (workpiece, tool and machine).
In this framework, the present study proposes to bring understandings of the effect of operating parameters and their interactions on the machined surface roughness. This work is assumed to be in an independent domain from excited vibration conditions.
Before proposing a modelling, it is interesting to put in review some important research works considering roughness models. For example, in their approaches, [3] and [4] have took into account, only tool-nose radius and the feed rate. They have showed that to get improve surface texture; it is necessary to decrease the feed rate or to increase the tool-nose radius. This basic result is in corroboration with the tool-workpiece geometrical aspects when considering turning operations. Also, this result is globally known among the industrial community performing machining with cutting tool. Nevertheless, this model is not valid for low feed rates, particularly. Indeed, the model predicted roughness values are far from those deduced by experimentation. Moreover, it is underlined that working parameters such as feed rate, cutting depth and cutting speed have an important influence on the cut surface roughness. Their effect can be remarked directly or via their interactions. Among the published paper on the subject, it can be cited the works of [5] [6] [7] . In their approaches, these authors have assumed that only the toolnose radius has an important role on roughness, whereas [8] have shown that other geometric features of tool nose can be considered.
The relative vibrations between tool and workpiece are often ignored by researchers when studying roughness. [9] have suggested that the divergence observed on machined surface roughness is mainly due to the tool vibrations. According to these authors, cutting with a rigid tool could improve roughness, considerably.
Others parameters can affect the roughness evolution, such as material hardness. [1] have made experimental tests on a material which has a different hardness varying between 45 to 70 HRC. They have found that the roughness increases up to 50 HRC and then decreases.
In order to analyse and bring a robust quantification of roughness evolution during cutting phenomenon, several statistic and data treatment methods were adopted. Among, the recent ones, it can be mentioned the multiple linear regression method which was exploited by [10] to develop a complete empirical model of the roughness. The developed experimental approach takes into account many factors such as feed rate, workpiece material hardness, tool-nose radius, cutting depth and their mutual interaction. The experimental results were analyzed by statistic software showing the parameter influence and their level of importance.
The authors [8] have used another investigation method based on the analysis of variance ANOVA. To determine the effects of both the material hardness and the tool-nose geometry on the cut surface roughness, a factorial design was adopted during carrying out the experiments. Analysis of the results obtained highlights once more that the feed rate and the tool geometry have an important influence on roughness evolution.
Moreover, it can be noted in a set of factorial experiments carried out by [11] Feng and Hu (2001) and Feng (2001) that cutting angle, the tool-nose radius, the feed rate, the cutting depth, the cutting speed, the workpiece stiffness as well as the various interactions between these factors have a significant effect on the cut surface roughness variation. These factors can induce vibration rise on the tool-workpiece interface. Consequently, the vibration amplitudes could induce effects (degradation or improvement) on the geometric micro quality of the machined surface.
In the present experimental work, the case of generated surface during straight and continue turning operations is treated. It is assumed that the working conditions do not induce chattering phenomenon (based on the choice of cutting depth and controlling data gathered by sensors 2 and 3 ( Fig. 1) , i.e. without maintained workpiece self vibrations. The proposed study treats the effect of oscillations due to the segmentation and fragmentation phenomena as that was shown by [12] on the machined surface micro-defects. For that, an experimental model for roughness based on the multiple linear regression method is established in order to quantify the influence of the vibrations on the surface quality. This model is based on the multiple linear regression method which is is established according to the tool displacements in radial, axial and tangential directions.
Experimental set-up
The tests were carried out in straight turning operation. The equipment used in the experiments is defined in Table 1 . The measuring sensors illustrated by Fig. 1 comprise three piezoelectric accelerometers. The first one is a triaxial accelerometer fixed in the vicinity of the toolnose. The second one is fixed on the spindle (see the left side in Fig. 1 ). The third one is fixed on the machine frame. The measured forces during cutting are given by a dynamometric platform. The sensors and the platform are connected to an acquisition data system (NI PCI 4472) through charge amplifiers. The data are gathered on a computer by using the Labview software and treated then with the Matlab software package. The machined surface roughness is measured using a roughometer. Table 2 summarizes the set of working, measured and calculated parameters used in the proposed work. During carrying out tests, only one among the three cutting parameters (a p , f, V c ) is varied. This choice makes it possible to detect the influence of each parameter on the studied criteria of roughness (Ra, Rz, Rt, Rsm), precisely. Charge amplifiers Mahr profilometer directions), the spindle acceleration, a s , and the frame machine tools a f . Also, it can be found in Table 3 the calculated results concerning the radial, axial and tangential components of tool-nose displacements dx, dy, dz, respectively. The radial displacements of the spindle and the machine tool frame are denoted ds and df, respectively. Displacements are calculated by dividing the spectrum of the acceleration temporal signal on the corresponding squared pulse. Thus the spectrum obtained of displacement is transformed into temporal signal by the Inverse Fast Fourier Transform (IFFT). This procedure is illustrated in Fig. 2 . 
Results and discussions
The aim of test campaign carried out is to determine the tool-nose vibration influence on the machined surface roughness. This was possible by getting many results dealing with the temporal signals of tool-nose accelerations and force components during cutting process as shown in Fig. 3 . The latter demonstrates the evolution of acceleration amplitudes of tool-nose and the correspondent measured forces according to feed rate variation during a time acquisition of 1.2 s. The fixed working parameters are a p = 1 mm and V c = 180 m/min. The calculation of acceleration amplitude is estimated to the half of the difference between the minimum and the maximum of the gathered signal.
Tangential cutting force amplitudes given in Fig. 3 evolve with the values of tangential acceleration. It is observed that the tangential force component is prevalent regarding the others forces (Table 3) . Fig. 4 , a, b and c deal with radial, axial and tangential tool-nose displacements in front of the workpiece along three generating lines (in the direction of tool advance), respectively. These displacements show comparable amplitudes characterised by similar order of values when compared with the measured roughness criteria on the machined workpiece (Rz and Rt). Nevertheless, disturbances on different curves are quite present. Also, it is remarked a non-noticeable characteristic repetition when comparing curves. Consequently, a statistical approach seems to be interesting to adopt.
To detect the stiffness effect of the spindle and the machine tool frame on the gathered tool-nose displacements, two sensors were placed on locations (accelerometer 2 and 3, respectively) as shown in Fig. 1 . Displacements correspondent to acceleration signal acquisition giv-en by the pre-cited accelerometers are illustrated in Fig. 4, d . They are about of 0.2 to 0.5 µm for spindle sleeve and the machine-tool frame, respectively. These values will be neglected because they very weak compared to tool-nose displacements. where c is a constant and α, β, ψ are model exponents.
In order to determine the influence of parameters considered from the previous roughness equations, a threshold indicator P was defined. It determines the opportunity of rejecting non-significant predictive parameters when P is greater or equal to 0.05. Table 4 summarises the statistic results obtained by considering the predefined threshold indicator P. The mathematical roughness models given are obtained with correlation coefficients R 2 higher than 90% characterising the reliability of models. Consequently, proposed models are acceptable. Additionally, the correlation coefficient R 2 shows that linear model is more entrusting than non-linear one. This is due to that the number of linear model factors is greater than non linear ones. Nevertheless, the two models confirm the effect of radial and tangential tool-nose displacements and cutting speed on the roughness evolution. The nonlinear model shows an improvement of the surface quality with the increase of cutting speed.
Moreover, it can be noticed an explicit absence of feed rate from the nonlinear model. This can be explained by the fact that the effect of feed rate is implicitly acts in radial and tangential displacement appearing in the model, from where established models:   The values of the correlation coefficients are less than those of the nonlinear model of roughness. This implies to conclude that there are other factors which influence the values of displacements and consequently the vibrations generated between tool and workpiece. 
Conclusions
A trial run within the framework of the experimental aspect of the effect of the vibrations on the surface quality of the parts machined in turning was carried out. The results obtained concerning the cutting forces and the signals of accelerations, were treated in order to calculated displacements in the vicinity of the nozzle of tool, as well as displacements of the sleeve of pin and those of the frame.
The analysis of the results made it possible to define the relative influence of the cutting parameters and the three components of the displacement of the nozzle of the tool on the roughness of the machined surface. The disturbances due to the vibrations with the interface tool-part are quite present.
Because of rotation of the machined part, the geometrical disturbances geometrical microphone along a generating line in a random way. To analyze the experimental results a globalisation through a statistical study was planned, this study led to the expression of two mathematical models which make it possible to highlight the following points:
 In the two worked out models, the model linear is more trustful than the nonlinear model.  The feed rates have a paramount impact on roughness in the linear model. It acts in a direct way and by interactions with the cutting speed.  For the nonlinear model, the feed rate does not appear, but it influences in an indirect way displacements radial and tangential of the nozzle of the tool.  The influence of cutting speed on roughness is appreciable in the nonlinear model and acts by interaction in the linear model.  The depth of cut does not have a great influence because it acts only by interaction on roughness what is in agreement with the literature.  The components radial and tangential of the displacement of the nozzle of the tool have a great influence on roughness.  The machine used during our tests is sufficiently rigid and its influence on roughness is negligible. In short, this study confirms the former results on the importance from the parameters Vf kinematics and V c for roughness. Moreover, it shows how displacements of the nozzle of tool related to the vibrations also act on the geometrical micro state of the machined surface.
The models suggested make it possible to quantify the relative influence of these various parameters in the context of the experiments which we undertook. These models have of an industrial interest some. They allow on the one hand, the prediction of roughness according to the cutting conditions and the displacement of the nozzle of the tool. In addition in a context of optimization, they make it possible to determine a combination of the factors studied to remain lower than a limit of the criterion of fixed roughness.
